Summary. During the breeding season, five groups of three ewes were implanted at ovariectomy with 0\m=.\36,0\m=.\5,1\ m=. \ 0 and 6\m=.\0cm oestradiol implants or implants containing no steroid. Eleven days after receiving implants, blood samples were taken every 10 min for 6 h; implants were then removed. 
Introduction
Withdrawal of ovarian steroids by ovariectomy leads to rapid and possibly long-term changes in the tonic secretion of gonadotrophins (Martin, 1984; Webb et ai, 1985) . However, the reported changes in mean and basal serum concentrations of LH and LH pulse frequency and amplitude differ between studies; there is little information about FSH (Karsch et ai, 1980; Goodman et ai, 1982; Montgomery et ai, 1985 Montgomery et ai, , 1987 Thomas et ai, 1988) . Secretory patterns for gonado¬ trophins in ovariectomized ewes, without steroid treatment, do show some loose linkage to the annual cycle of photoperiod, but this often appears to be lost in ovariectomized ewes that have been ovariectomized for longer (Karsch et ai, 1980; Goodman et ai, 1982; Montgomery et ai, 1985 Montgomery et ai, , 1987 Robinson et ai, 1985; Thomas et ai, 1988) . A clear understanding of the changes of tonic gonadotrophin secretion after ovariectomy and with season would seem essential to make full use of the ovariectomized ewe as a model for studies on gonadotrophin secretion and seasonal breeding.
Oestradiol has been shown to depress tonic gonadotrophin secretion during the breeding season, with a marked enhancement of this effect during anoestrus (Pant et ai, 1978; Goodman et ai, 1980; Karsch et ai, 1980; Goodman et ai, 1981a; Rawlings et ai, 1984) . However, when mean and basal serum LH concentrations and LH pulse frequency and amplitude are considered, many disagreements are found (Goodman et ai, 1982; Martin et ai, 1983; Montgomery et ai, 1985 Montgomery et ai, , 1987 Thomas et ai, 1988) . In the few studies on the effects of oestradiol on FSH secretion, depression was suggested (Goodman et ai, 1981b; Rawlings et ai, 1984; Webb et ai, 1985) . It is unclear whether the effects of oestradiol on gonadotrophin secretion are dose related, although this has been suggested in anoestrus ewes (Goodman et ai, 1980; Thomas et ai, 1988) . It has been suggested that the annual cycle of photoperiod regulates tonic gonadotrophin secretion primarily by an oestradiol-dependent mechanism, while a steroid-independent mechanism is equivocal (Robinson et ai, 1985; Goodman, 1988) .
The present study was therefore designed to (1) characterize the tonic gonadotrophin secretory patterns in the ovariectomized ewe with time after ovariectomy, (2) (Jeffcoate et al, 1984) .
Hormone assays
Serum concentrations of FSH and LH were determined in validated radioimmunoassays (Rawlings el ai, 1984; Currie & Rawlings, 1989) . Concentrations of FSH and LH are expressed in terms of NIDDK-oFSH-RPl and NIDDK-oLH-24, respectively. The sensitivity of the gonadotrophin and oestradiol assays is expressed as the lowest standard different from zero, using an unpaired / test. The limit of detection was 0-25 ngml_l and 006 ngml "' for FSH and LH, respectively. Intra-and inter-assay coefficients of variation (CVs) for ovine reference sera with mean FSH concentrations of 14-1 or 1-13 ngml1 were 6-6% (n = 8) and 9-6% (n = 87) or 7-6% (n = 11) and 9-7% (n = 110) respectively. Intra-and inter-assay CVs for ovine reference sera with mean LH concentration of 301 or 0-15ngml ' were 5-0% (n = 18) and 9-9% (« = 110) or 9-6% (n = 18) and 14 9% (n = 110), respectively. Oestradiol was measured using a modification of an assay previously validated and published (Rawlings et ai, 1984; Currie & Rawlings, 1989) . The changes were that ether extracts of serum were assayed without the previous partition step and the assay standards were prepared in charcoal stripped serum and extracted with ether before assay, rather than being put directly into assay tubes. Extraction efficiency was 87 + 0-5% (n = 96; + sd). Sensitivity was 1 pg ml ' serum. When extracts of charcoal stripped serum were analysed, values did not differ significantly from zero (P > 0-10). When 2 or 10 pg of oestradiol was added to 1 ml of serum from ewe, the values obtained after correction for endogenous oestradiol were 2-6 + 0-25 pg (n = 96) (x + sd) and 11-2 + 0-34 pg (n = 97) respectively. Serum concentrations of oestradiol measured in this assay in ovariectomized ewes, were 3-2 + 01 pg ml ' (x + sd) and, in intact ewes, were 4-7 ± 0-7pgml"' and 12-7 + 3-3pgml ' in the midluteal and follicular phases of their oestrous cycles, respectively. These values are similar to those previously published (Pant et ai, 1977; Rawlings et ai, 1977; Herriman et ai, 1979; Hauger et ai, 1977) . For sera with oestradiol concentrations of 23 pg ml ', ll-3pgml ' or 8-8pgml ', intra-and inter-assay CVs were 7-3% ( = 2) and 91% ( = 10), 11% (« = 2) and 11-6% ( = 10) or 9-4% ( = 2) and 12-5% ( = 11), respectively.
Statistical analysis
The pulsar program (Merriam & Wächter, 1982) Concentrations of oestradiol produced by the implants in vitro, over a 19 day period, were analysed using a twoway analysis of variance (anova) and least squares difference (lsd) test (Steel & Torrie, 1980 FSH concentration increased (P < 005) from the first (11-6 ± l-12ngml~') to the second (24-3 + 2-59 ngml-1) breeding season, no seasonal pattern was noted (Fig. 1) . The effects of oestradiol implant size and period of treatment were shown to be significant in an initial 5x10 factorial analysis (P < 0-05). The interaction between implant size and period of treatment was significant (P < 005) for mean and basal serum concentrations of LH; these interactions disappeared when the data for anoestrus were removed from the analysis.
(a) Effects ofsize of oestradiol implant. Serum gonadotrophin data for ewes with implants are summarized by implant type and size and by season (Figs 2-4 (Fig. 6 ). During anoestrus, from the earliest to latest treatment period, 3/9, 0/9, 1/9 and 6/9 ewes had pulses respectively. During the breeding seasons, no fewer than 8/9 ewes had pulses at the six treatment periods. The calculated 2 statistic ( 2 =18-8) was significant (P < 005), indicating a significant difference between breeding season and anoestrus.
Discussion
These results show that ovariectomized ewes not treated with oestradiol have a circannual pattern of LH pulse frequency apparently linked to the annual pattern of photoperiod. Pulse frequency of LH was at its peak at mid-breeding season in December and lowest in mid-anoestrus in June-July. In intact ewes ovulation rate is at its peak in mid-breeding season (Ortavant et ai, 1988) . These photoperiod-linked patterns in LH pulse frequency have not always been noticed in the past. In Ile-de-France ewes, ovariectomized during the breeding season and followed for one year, LH pulse frequency and amplitude both appeared to peak in the middle of the first breeding season of the study, but no such pattern was seen in the subsequent breeding season (Montgomery et ai, 1985) . In ovariectomized Suffolk ewes studied for one year, LH pulse frequency was low in the initial anoestrous period of the study (Robinson et ai, 1985) , rose during the early breeding season but then remained fairly constant, with a limited decline during the ensuing seasonal anoestrus. In (Karsch et ai, 1980) but not all studies (Rawlings et ai, 1984; Montgomery et ai, 1985) . This suggests that as LH pulse frequency increases, there is less LH available for each pulse (Clarke & Cummins, 1985) . The marked annual cycle of basal serum LH concentrations in our untreated ovariectomized ewes was not found by Montgomery et ai (1985) , but in both cases an increase in basal LH secretion occurred with time after ovariectomy. This emphasizes the possible existence of basal secretion of LH as an entity unrelated to LH pulse frequency. The increase in basal serum LH concentrations, with time after ovariectomy, caused the increase in mean serum LH concentrations seen in the second breeding season of the present study. These long-term shifts in basal and mean serum LH concentrations after ovariectomy have not always been evident in the past (Goodman & Karsch, 1981 ). and mean serum FSH (e) concentrations in ovariectomized ewes treated with different sizes of oestradiol implants during anoestrus (n = 12 in all cases). Data is based on blood samples taken every 10 min for 6 h, 11 days after insertion of implants. Implants were inserted at 18, 24, 30 and 36 weeks after ovariectomy. Different letter superscripts indicate significant differences (P < 005).
The lack of variation in mean serum concentrations of LH with season in our untreated ovari¬ ectomized ewes agrees with previous findings (Goodman & Karsch, 1981) . The fairly constant mean serum LH concentration seen over most of the present study reflect the inverse relationship between LH pulse frequency and both basal LH concentrations and LH pulse amplitude.
In studies on the control of gonadotrophin secretion in ewes less consideration has been given to FSH. Our results and those of Montgomery et ai (1987) show that mean serum concentrations of FSH rise with time after ovariectomy, with little apparent influence of season.
The serum concentrations of oestradiol produced by the implants in the present study encom¬ passed a similar range to those for intact ewes. The reports of effects of oestrogen treatment on LH pulse amplitude in ovariectomized ewes are inconsistent. There are reports ranging from a small increase (Goodman et (Pant et ai, 1978; Goodman et ai, 1981b; Rawlings et ai, 1984) Goodman et ai, 1981b; Thomas et ai, 1988) . This was largely confirmed in our study. The ability of oestradiol to depress LH pulse *V*^*vvWô . « .^. ,*.^. Goodman et ai, 1981b Goodman et ai, , 1982 . Reduction of LH pulse frequency by oestradiol during anoestrus has been well documented Goodman et ai, 1981b Goodman et ai, , 1982 . However, our observations did not reveal dose depen¬ dency, in contrast with other reports (Thomas et ai, 1988) (Goodman et ai, 1980; Karsch et ai, 1980; Goodman et ai, 1981a ). However, in previous studies a dose response was not evident (Goodman el ai, 1980 (Thomas et ai, 1988) .
Oestradiol can suppress FSH concentrations in ovariectomized ewes during the breeding season (Goodman et ai, 1981a) and anoestrus (Webb et ai, 1985 (Goodman, 1988) .
Measurable serum concentrations of oestradiol were shown to be present in nonoestradioltreated ovariectomized ewes. Charcoal-stripped serum blanks in the assay never gave recorded values in terms of the oestradiol standards used. This suggests that some measurable oestradiol is present in ovariectomized ewes, an adrenal source is possible (Montgomery et ai, 1985 It has been suggested that steroid-dependent and -independent photoperiod driven control of tonic gonadotrophin secretion in the ovariectomized ewe are different, mainly because their seasonal patterns are quite distinct (Robinson et ai, 1985) . Steroid-dependent effects changed markedly at the onset and end of anoestrus, but steroid-independent effects followed a less distinct profile (Robinson et ai, 1985) . In our data a clear annual cycle in basal serum LH concentration and LH pulse frequency and amplitude was seen, which appeared clearly linked to the annual cycle of photoperiod. It could be argued that enhanced negative feedback depression of gonadotrophin secretion by oestradiol is manifest when tonic LH pulse frequency, basal LH secretion or both, fall below a set point and that the depression is removed when the setpoint is reached at the end of anoestrus. This suggests that photoperiod directly influences tonic LH pulse frequency as originally postulated (Goodman & Karsch, 1981) and that negative feedback sensitivity to oestradiol is not a separate mechanism independently linked to photoperiodic patterns. The superimposition of enhanced negative-feedback depression of gonadotrophin secretion by oestradiol during anoestrus may act as a failsafe mechanism to delimit anoestrus more precisely. Clearly, the enhanced effec¬ tiveness of oestradiol in negative-feedback depression of gonadotrophin secretion during anoestrus is dramatic, reversing the steroid-independent trend in tonic LH pulse amplitude and imposing a marked seasonal trend on mean serum concentrations of LH and FSH.
